The water quality behaviour of 58 stormwater retention basins in Winnipeg, Canada, was intensively studied during a 5-month summer period (May to September). Dissolved oxygen (DO), temperature, turbidity, transparency and depth were measured onsite. Samples analyzed in the laboratory included: total suspended solids (TSS), pH, chlorophyll a, fecal coliforms (FC), total kjeldahl nitrogen (TKN), ammonia, nitrate, total phosphorus (TP) and orthophosphate. Results showed that increases in TSS and turbidity resulted from increased chlorophyll a concentrations associated with algal growth. TKN increases were partly the result of nitrogen incorporation into proteinaceous material in the algal cells. Ammonia concentrations showed a maximum attributed to chemoheterotrophic degradation of dead biomass. Orthophosphate made up 30% to 50% of the total phosphorus present and the two followed the same general trends. Temperature increased and then decreased over the summer months with no apparent thermal stratification. After starting the summer with no dissolved oxygen gradient between top and bottom, depletion of the dissolved oxygen at the bottom of the basins during the latter half of the summer was attributed to chemoheterotrophic degradation of dead biomass. Finally, substantial counts of fecal coliform bacteria occurred in the basins in response to Canada geese migration.
Introduction
Stormwater retention basins (SRBs) are reservoirs, with or without permanent water storage, used to store stormwater, reduce outflow peaks and enhance stormwater quality by physical, chemical and biological processes (Marsalek and Chocat 2002) . In the city of Winnipeg, Canada, SRBs have been implemented as hydraulic-control structures since the 1960s. Over 70 have been constructed and they act as permanently full, land-drainage storage reservoirs that attenuate hydrograph runoff peaks.
The basins are positioned, for the most part, in urban subdivisions where they are highly attractive commodities for many property owners. Initially marketed as having aesthetic value by adding park and waterfront property to developments; the ponds were depicted in the early days as recreational facilities, offering opportunities for canoeing, windsurfing and the like. Developers' advertisement of the ponds as genuine freshwater urban lakes has led to misconceptions by property owners about the SRBs' true function. Although the SRBs do provide some relief to the contamination of natural water bodies, they themselves have become aesthetically unpleasant due to the propagation of enormous blooms of algae and aquatic weeds in and around the ponds. This has resulted in numerous complaints regarding the visual quality of the basins (Wardrop and Elefsiniotis 1998) .
To establish the extent of the weed-growth problem in the SRBs, and to initiate weed-control management strategies, the City of Winnipeg became interested in initially collecting a reasonably broad water quality data set for the SRBs over the 5 months of summer (May to September). A thorough water quality analysis included the following: fecal coliforms (FC), chlorophyll a, total suspended solids (TSS), turbidity, transparency, dissolved oxygen (DO), pH, temperature and various forms of nitrogen and phosphorus. The rationale for the measurement of a few of the more important parameters is presented below.
Fecal coliforms can be directly deposited into the environment from sewage discharges and wildlife or they can be indirectly released from stormwater, groundwater, and sediments (Weiskel et al. 1996) . They are important because the relative numbers of FC bacteria in a water body are indicative of contamination by fecal matter, through which many waterborne illnesses arise. A second parameter of major significance is chlorophyll a which reflects the extent of vegetation within a lake. That is, primary producers (made up of macrophytes and microphytes) are characterized by an ability to manufacture their own food from sunlight and carbon dioxide and this results in increased chlorophyll a levels. Macrophytes such as duckweed, bulrushes and cattails, are able to break down organic pollutants, take up heavy metals, reduce pathogenic bacteria and take up large quantities of nitrogen and phosphorus (Kulzer 1990) . Microphytes, or algae, are simpler organisms found in SRBs that lack the true stems and leaves of higher plants but are similar to other plants because they contain chlorophyll a and produce carbohydrates (Allan et al. 1989) .
Total suspended solids, turbidity and transparency are three important factors that determine the depth to which photosynthetic organisms grow, or the photic zone, of a lake (Mitchell 1974) . In this zone, for primary producers, photosynthesis exceeds respiration, resulting in extra plant mass that serves as food for higher organisms such as zooplankton. With increasing wind and waves, sediment resuspension lowers light penetration and favours zooplankton dominance in a shallow lake (Somlyody 1982) . On the other hand, large quantities of suspended sediment decrease zooplankton-grazing efficiency, reducing phytoplankton removal (Arruda et al. 1983 ).
The two most important nutrients that affect the health of ecosystems are nitrogen and phosphorus. Increased nutrient loading transforms a lake from a clear-water, macrophyte-dominated state to a more turbid one consisting, for the most part, of planktonic algae (Scheffer et al. 1993) . In addition to external inputs of the two nutrients, the magnitude and rate of internal nutrient release (from dead and decaying biomass) is dependent upon both the bacteria present through which they are mineralized as well as physical conditions (Mitchell 1974) . Physical conditions are particularly important because respiration rates tend to be faster in shallower lakes, resulting in more rapid turnover of nutrients and quicker production of biomass (Nixdorf and Deneke 1997) . Finally, the type of vegetation present in a lake is also important as the breakdown and turnover of nutrients present in algae occur at a faster rate than in aquatic macrophytes due to the smaller amount of difficult-to-digest material (Reimer 1984) .
Objectives
The City of Winnipeg in Manitoba, Canada, has not previously undertaken a comprehensive water quality assessment of its SRBs due to budget restrictions and other designated priorities. The result is a lack of available data with which to assess the ponds' overall status and in particular to assess the water quality behaviour over the summer period. This paper reports on a large-scale investigation of several water quality parameters, that provides important baseline information for Winnipeg to refer to in future years in the context of SRB management decisions.
Materials and Methods
The SRBs' construction is fairly consistent, with an average surface area of 2.8 ha that comprises only 5.5% of the drainage area influencing them. The ponds have an average depth of around 2.4 m. The average hydraulic detention time is just over 4 months making them relatively stagnant for their size. The basins have a slope of approximately 7:1 (horizontal to vertical) with large stones covering the shores and extending into the ponds for about 2 m.
Sample collection was carried out approximately every two weeks on 58 of the 70 SRBs in Winnipeg. This occurred over a 5-month Canadian growing season (beginning of May to the end of September) for a total of 10 sampling periods. Samples were collected by manually submerging the sample bottles below the surface to a depth of approximately 20 cm. To capture the sample, the bottles were opened at the collection depth to minimize surface water intrusion. Sampling was carried out at only one location (accessed by canoe) on each pond according to the rationale put forward by the City of Winnipeg that composite sampling, where the water was relatively well mixed, was not believed to provide a sample more reflective of the basin characteristics. Although this provided a limited data set, this protocol had been adopted by the City after several previous casual sampling incidents that had seemed to indicate little varia-tion in results (Wardrop 1998) . In addition, since the City was funding the study there were certain budget implications which limited the number of data obtained. Once collected, the samples were preserved and stored in bottles appropriate for the tests carried out (APHA 1995) .
Water quality analysis included chlorophyll a, TSS, turbidity, transparency, total kjeldahl nitrogen (TKN), ammonia, nitrate, orthophosphate, total phosphorus (TP), DO, temperature, pH and FC. For the most part, all chemical parameters were determined for each sampling period with the exception of TKN and TP, which were determined only on periods 1, 3, 5, 7, 9 and 10 because of time constraints. In most cases, duplicate samples were analyzed so that an average result could be calculated. More detail is presented in Wakelin (1999) , however, chemical and physical analytical methods were conducted according to APHA (1995) procedures. For example, TKN samples were digested using the semi-micro kjeldahl method 4500-N (org) -C, without ammonia removal. Ammonia was analyzed using the automated phenate method 4500-NH 3 -H while nitrate concentrations were obtained using the 4500-NO 3 -F automated cadmium reduction method. All nitrogen forms were measured using a segmented flow Technicon autoanalyzer.
The following exceptions to the APHA (1995) methods were noted. Turbidity was determined using a portable turbidity meter (Hach) that was pre-calibrated regularly using gelex standards. Transparency was determined by measuring an average of the depth at which a lowered secchi disk disappeared from sight under water, and the depth at which the same disk re-appeared when raised. Fecal coliforms were determined using a modified procedure given in Section 9222 of APHA (1998). M-FC media was prepared as per instructions given by the manufacturer. Chlorophyll a analysis was carried out using a centrifuged spectrophotometric method from Manitoba Environment (1989) . DO and temperature at the surface, middle and bottom of the basins were determined using the APHA (1998) 4500-O-G membrane electrode method.
Digestion of samples for TP followed the APHA (1998) method 4500-P-B-5, except the digestion acid was made of 300 mL of concentrated sulfuric acid and 4 mL of concentrated nitric acid diluted to 1 L. Total phosphorus and thawed orthophosphate samples were analyzed using a slight modification to the APHA (1998) automated stannous chloride method 4500-P-D developed at the University of Manitoba, Environmental Engineering Laboratory. This method provides excellent results with good precision (Tingley 2002) .
Results and Discussion

Chlorophyll a
As shown in Fig. 1 , the mean chlorophyll a concentration increased over the 10 sampling periods from 8.0 to 53.8 mg/L. Each mean and median point represents an average of independent measurements from the 58 SRBs. The averaging of independent values enhances the certainty that the trend is real; however, an increase in chlorophyll a would have been expected over a growing season since the quantity of phytoplanktonic algae was observed to visually increase, resulting in biomass accumulation within the SRBs. Algal cells growing in lakes and reservoirs on the Canadian Prairies have been found to double in number every day under exponential growth conditions (Barica 1993 ). This rapid growth was suggested to be the result of high nutrient loading from agricultural lands, high solar inputs, and shallow depth (Barica 1993) . It would seem therefore that very little room is available for additional anthropogenic inputs to lakes and/or basins without accelerating algal growth.
As implied above, when chlorophyll a values are high, planktonic algae tend to dominate. The converse is also true in that when macrophytes dominate, concentrations of chlorophyll a in the water column tend to be low (Moss et al. 1997 ). This was qualitatively observed within the SRBs in Winnipeg over the growing season. The divergence between the mean and median after period 2's sample indicates that variations in chlorophyll a concentrations between the SRBs increased as the summer progressed and as the quantity of algae fluctuated in different basins. It is possible that some basins may have had a greater quantity of dead organic material at the beginning of the growing season and could have liberated greater nutrients than other basins which would lead to eventual divergence between the mean and median as the season progressed.
Total Suspended Solids
Similar to the chlorophyll a trend, the TSS increased consistently over the summer with the mean (excluding the first period) increasing from 13.8 to 34.6 mg/L (Fig. 2) . The overall TSS trend for all 58 ponds shows a relatively smaller variability between the mean and median values from period to period compared to the chlorophyll a values. An initial high mean concentration during period 1 of around 23 mg/L indicates an unusual situation that was attributed to a bout of intense weather activity during that period. On and during the days preceding the sampling period, winds reached significant gusts of 80 km/h which would help explain the high quantity of suspended sediment in the water column during that particular period (Environment Canada 1998) . The presence of submerged plants was also minor during the first sampling period and therefore a lack of aquatic macrophytes in the ponds was thought to have contributed to the relative ease of sediment resuspension. That is, macrophytes are proficient in reducing currents able to stir up bottom dregs and tend to hold sediment in place with their roots (Reimer 1984) .
Total suspended solid concentrations in basins may increase after storm events because large amounts of sediment are picked up off of paved surfaces and carried in surface runoff which is eventually expelled into water bodies (Clark and Alkhatib 1999) . Although there were periodic storm events, they were of short duration and even though sediment undoubtedly would have been introduced into the SRBs, the sampling period of approximately every two weeks meant that storm event influence could not readily be detected. Furthermore, as mentioned, the average HRT of 4 months further minimized any influence from storm events. Thus, it was surmised that any increase in the TSS within the basins was probably caused by biomass accumulation from algal production rather than sediment from storm runoff. The TSS data were regressed against the chlorophyll a data and the correlation coefficient was 0.82 indicating that the data are statistically related which supports the hypothesis at the 0.2% significance level. Thus, the regression equation explains about 67% of the variation in the data.
Turbidity and Transparency
The change in the mean turbidity values of the 58 SRBs over time is shown in Fig. 3 . The turbidity remained between 11 and 15.5 NTUs until period 5, after which the turbidity increased to between 18 and 21 NTUs and remained there for the duration of the summer. The increasing trend in turbidity over the summer is less pronounced than the TSS because the turbidity measurement is affected by the colloidal content and the colour of the water. These latter two properties tend to dampen any trends, primarily because colloidal content and colour is less susceptible to change over a sampling period. The transparency values show the opposite response to turbidity, in that they decrease with time (Fig. 4 ). This inverse relationship was expected because the depth to which light can penetrate is directly related to the suspended, colloidal and coloured particulate material in water. Thus, as the turbidity increases, the transparency will naturally decrease.
pH
Overall, the pH in Winnipeg's SRBs is alkaline, due to carbonates produced from the solubilization of limestone and calcareous deposits typical of temperate glaciated regions (Wetzel 1983 ). In particular, since rainwater is naturally acidic and the pH did not appear to change substantially, the buffering capacity of these basins is clearly high. The median pH increased to a peak value of just over 9.0 during the middle of the summer (period 5) and then steadily decreased (Fig. 5) . The mean and median values show that the pH variability was not great, varying by about 0.7 pH units. The rise and fall in pH over the summer was attributable to fluctuations in biological activity within the SRBs. That is, elevated pH values would have been in response to accelerated photosynthesis due to greater solar irradiance and higher temperatures. This process increases carbon dioxide absorption, alters bicarbonate equilibrium, and produces hydroxyl ions that drive up the pH (Branco and Senna 1996) . Since the heterotrophic degradation of decaying material results in the opposite effect (i.e., the pH is lowered), larger fluctuations in the pH of the basins may have been observed if the pH had been taken at night or at the bottom of the SRBs.
Temperature and Dissolved Oxygen
Temperatures over the course of the sampling season were as expected for a north temperate climate, whereby the temperature increased over the summer months and decreased as autumn approached. It is evident from recorded data (not shown) that thermal stratification did not occur to any appreciable extent in any of the ponds (Wakelin 1999) . Mixing would have been promoted by regular winds that blew during and between sampling periods. Also, a large surface area to volume ratio for most of the basins (caused by their shallowness-all being less than 3 m deep) were major factors contributing to their constant mixing and lack of thermal stratification. Finally, convection currents, involving the process whereby water cooled at night and sank, would also have contributed to fairly constant circulation.
During the first and third sampling periods, the DO in the lakes was fairly constant from top to bottom, clearly illustrating that the basins were extremely well mixed (Fig. 6) . However, during sample period 2, higher DO values in the upper and middle layers were recorded, indicative of photosynthetic algae activity in the ponds. In particular, since the saturation DO concentration is 9.3 mg/L at a temperature of 18.7°C (the surface water temperature during that period), DO levels of over 12 mg/L indicated supersaturated conditions. Elevated oxygen levels were not maintained, however, as the mean surface water temperature dropped from 18.7°C during period 2 to 13.1°C through period 3, which would slow algal metabolism or result in the death of algal cells (Environment Canada 1998) .
After period 3, there was a clear difference in the mean DO from top to bottom of the 58 ponds attributed to chemoheterotrophic depletion of oxygen near the vicinity of the bottom layer of the basin. Even though the ponds were considered reasonably well mixed, there must have been a substantial amount of degradable biomass to keep the DO at the bottom at such a low level. However, at the end of the summer season (period 10), less biological activity would have occurred, as the mean bottom temperature dropped from 23.5 to 14.9°C which would slow the metabolism of bacteria at the bottom and reduce oxygen consumption.
Total Kjeldahl Nitrogen
In general, over the summer there was an increase in the mean TKN from approximately 1.5 mg/L to a maximum of 4.0 mg/L to a final mean concentration of near 3.0 mg/L (Fig. 7) . The major portion of the TKN was organic nitrogen because the inorganic nitrogen (NH 3 -N) was very small, as will be discussed later. Since proteins within algal cells make up part of the organic nitrogen, it was initially conjectured that the amount of TKN increased due to increases in the quantity of proteinaceous materials that accumulated within algae in the water column (Wetzel 1983) . The TKN data were therefore regressed against the chlorophyll a data and the correlation coefficient was 0.89, which supports this conjecture at the 0.2% significance level. However, despite the correlation, there is some evidence that the total increase in TKN cannot solely be explained by algal growth.
For example, if the molecular formula for algae is taken to be C 106 H 263 O 110 N 16 P (Randall 1992) , the mean increase in chlorophyll a (45.8 mg/L) can be transformed stoichiometrically into an equivalent amount of nitrogen assuming a specific carbon to chlorophyll a (C:chl a) ratio. C:chl a ratios have been reported to be in the range of 20 to >160 g C/g chl a (Taylor et al. 1997) , however a typical value is usually about 50 g C/g chl a. Thus:
( 1) equates to a TKN increase of about 0.4 mg/L using the above assumption. Since the actual increase in mean TKN is about 2.5 mg/L it is apparent that much of the TKN is originating from other, perhaps nonphotosynthetic organisms, such as heterotrophs.
Finally, for a basin to be considered hypereutrophic, the organic nitrogen concentration must exceed 1.2 mg/L (Wetzel 1983) . As can be seen by the median profile during period 1, approximately 50% of the basins exceeded this value (Fig. 7) . This percentage increased steadily for the sampling period as the median profile climbed. Thus, from an organic nitrogen perspective, the majority of the basins can be considered hypereutrophic during the summer.
Ammonia
An important constituent of TKN is ammonia, however, as mentioned, in this study it was observed that the ammonia concentration made up a very small proportion of the TKN as indicated by the different scales of Fig. 7 (TKN) and Fig. 8 (NH 3 -N) . Because the ammonia values are so small, it is difficult to make any definitive statements about trends observed. It is noted that the variability between sample basins for the monitoring period was large, as the mean and median are not close to coinciding, as would be the case with normally distributed data. A peak in the median concentration during period 5 resulted in a local maximum concentration of 40 mg/L. Since the median concentrations for much of the summer up to this point had been at or near zero, this maximum median value meant that the majority of the basins recorded some value of ammonia. It is possible that this ammonia maximum was a result of the degradation of proteins within the plant biomass by chemoheterotrophic bacteria (Wetzel 1983) , coupled with a period of very calm weather which was noticeable but not recorded in a quantitative way (Wakelin 1999) . This calm period would allow the build-up of ammonia in the surface water of the basins due to a lack of mixing and absence of dilution throughout the entire water column. Although the pH was relatively high at this time (about 9.0), meaning that some of the ammonia would be present in the unionized form, a lack of wind would prevent it from being purged out of the water.
Nitrate
The nitrate data are not shown as only 8% of the 522 samples collected showed any measurable value of nitrate. Overall, less than 6% had NO 3 -N concentrations greater than 100 µg/L. There was no specific trend with respect to the growing season and nitrate peaks were observed sporadically in ponds located in the country and next to large residential areas. The peaks disappeared after two weeks, when the next sampling period took place, and quick assimilation of nitrate by aquatic plants and denitrification in benthic layers are probably the main reasons for nitrate absence.
Algal communities have been shown to be a biological indicator of SRB performance and function (Olding 2000) . Thus, microscopic examinations were carried out periodically on several surface scums and subsequent algal identifications were made. In the samples observed, bluegreen algae containing heterocysts frequently made up the largest numbers of the algae identified. The presence of heterocysts is indicative of the absence of utilizable inorganic nitrogen (South and Whittick 1987) . The presence of blue-green algae implies that there was a shortage in the inorganic nitrogen supply for the aquatic organisms present. That is, the ability of blue-green algae to gain a supplemental source of inorganic nitrogen by fixing their own nitrogen from dissolved nitrogen gas in the water using heterocysts gave them a competitive advantage over other algae (Wetzel 1983) .
Phosphorus
In contrast to ammonia and nitrate, phosphorus was always present in the basins. In this study, between 30 and 50 percent of the TP was made up of inorganic phosphorus (Fig. 9) . Total phosphorus and orthophos-phate variability can often be attributed to local variation in wind patterns which influence the settling characteristics of suspensions in the basins. This is particularly so for orthophosphate since it is attached to settling particles (Borden et al. 1998; Hamilton and Mitchell 1997) . In addition, soluble phosphorus and total phosphorus often follow the same general trends where they fluctuate widely in the epilimnion due to dynamic changes in phytoplankton populations (Wetzel 1983) . Since the response pattern of orthophosphate was very similar to that of TP, it seems redundant to comment on the two types of phosphorus separately. The basins were hypereutrophic in terms of TP as the mean concentration was greater than 100 mg/L (Wetzel 1983) . Certain individual basins' TP concentrations oscillated such that they were at times only eutrophic, but the majority of basins were hypereutrophic, indicating from a mean perspective, the SRBs were not limited in terms of phosphorus. A somewhat high concentration of phosphorus was observed during period 1 and this may be due to the fact that, as mentioned earlier, the first sampling period was extremely windy, possibly launching a substantial amount of bound phosphorus out of the sediment. This is a reasonable suggestion for the first period because the sum of phosphorus in the sediments would have been elevated due to the degradation of plant material from the previous year's detritus.
Fecal Coliforms
Prior to the eighth sampling period, FC were only present in sufficient numbers to be detected seven times in all of the ponds. During periods 8 and 10, however, large counts of the organisms were obtained in certain areas of the sampling region (Table 1) . That is, during period 8, 12 ponds were observed to have FC while period 9 revealed no growth of FC for essentially all of the basins. Period 10's samples, however, indicated the largest presence of FC for the entire summer with 17 ponds exhibiting growth of 200 to 4600 FC per 100 mL. For comparative purposes, the provincial objectives for Ontario, Canada, for wastewater discharges is 200 FC per 100 mL (Henry and Heinke 1996) .
In general, there is very little information about the wildlife utilization of stormwater detention basins (Bishop et al. 2000) ; however, in this case, the major source of the large number of bacteria during the final period of sampling was attributed to migratory waterfowl during late summer and early autumn. This bacterial phenomenon was not noted earlier because the reverse spring migration normally occurs in April during which time the ponds were frozen and it was before the study period started. Although in the autumn, the waterfowl only occupy the SRBs as a short stopover prior to proceeding further south, qualitative data for periods 8 and 10 indicate that the populations of geese and ducks occupying the basins at this time was quite large, with quantities estimated to be in the hundreds during both sampling periods. Canada geese (Branta canadensis) may excrete FC of 10 7 per goose per day while ducks can produce 10 9 FC per duck per day (Hussong et al. 1979) . a Each SRB is identified by two numbers issued by the City of Winnipeg. The first number represents the approximate region where the basin is located in the city and the second number is based on the chronological order of construction of the basins in that area.
Fecal coliforms were high in certain areas of the city as opposed to being evenly distributed because the geese appeared to flock together (i.e., ponds had either very high numbers of geese or very few). Spatial variation in waterfowl numbers on the SRBs was probably due to ecological reasons such as protection and available food supplies, however, a deeper investigation into the flocking patterns of migrating waterfowl is beyond the scope of this study.
In addition to waterfowl origins, FC in SRBs can originate from stormwater (Marsalek et al. 1994) . That is, stormwater contains FC resident in the bowels of wild and domestic animals that have collected on land surfaces in dry weather conditions and which are expelled into SRBs after storm events. As mentioned, a few storms occurred during the summer, some of which took place the day before sampling, however the absence of FC immediately after these storms indicates that heavy rainfall played an insignificant role in this study's FC results. Finally, sediment may also contain a number of viable FC organisms, and if the sediment is disturbed, those organisms may be resuspended into the water column (Weiskel et al. 1996) . Although mixing in the basins was thought to be fairly continuous, low FC densities during the entire period up to week 8, imply that the sediments played a small role, if any, in elevating FC concentrations.
Potential Applications and Recommendations
The 5 months of data in this paper have shown increasing values for the water quality parameters, chlorophyll a, TSS and TKN. Such data provide confirmation of the visual observation of increased productivity in the SRBs over the summer. To minimize excess vegetation, a variety of measures could be taken including strategic mechanical weed harvesting programs and the use of herbicides such as Karmex-DF and Reglone-A. To reduce anthropogenic inputs, these management strategies could be coupled with a public education campaign about the true nature of the SRBs. Perceived function versus actual function has been listed as a critical issue related to successful SRB operation and maintenance (Anderson et al. 2002) . Thus, the public needs to be educated that the SRBs were designed to receive stormwater runoff, the runoff contains nutrients and these nutrients stimulate vegetative growth. Eutrophication of the ponds is therefore a natural phenomenon and part of their function as a living entity.
Conclusions
Based on the quantity of data obtained from the 58 SRBs analyzed, several response patterns are evident. Visually at the start of the summer there was very little vegetation in the SRBs, however, as the summer progressed, the basins developed masses of vegetation either in the form of algae or submerged macrophytes. The result was a basin productivity characterized from a TKN and phosphorus perspective as hypereutrophic. An overall increase over the summer months in chlorophyll a concen-trations represented planktonic algae and this resulted in an increase in TSS and turbidity and decreased transparency values in the basins.
The TKN results followed fluctuations in the chlorophyll a concentration, however, not all TKN changes could be attributed to algal production. Inorganic nitrogen was thought to be the limiting nutrient in the City's SRBs and observances of nitrogen fixing blue-green algae helped to further strengthen this argument. Low concentrations of oxygen were observed at the bottom of many basins towards the latter part of the summer probably due to biomass degradation in the benthic layer. In terms of bacteria, FC contamination was almost solely influenced by Canada geese migration during the last three sampling periods.
